A bacterial enzyme(s) capable of hydrolyzing nine organophosphate insecticides was covalently bound to glass. The efficiency of this binding reaction ranged from 4 to 17%. Under continuous column operation, the immobilized enzyme(s) had an extrapolated half-life of 280 days. The specific activity of this glass-covalently bound hydrolase activity for parathion varied from 0.035 to 0.15 ,4mol/min per g of glass. The bound activity increased with decreasing glass particle size; however, the flow resistance also increased. Immobilized enzyme(s) kinetics were approximately 50% slower than those of the free enzyme(s), but there was no significant difference in the effect pH and temperature had on the activity of immobilized and free enzyme(s).
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The use of immobilized enzymes in largescale industrial processes has recently progressed from the stage of theoretical consideration into reality. Current industrial uses of immobilized enzymes include processes for resolution of amino acids (4) and conversion of starch to sugar (3) . Other processes, such as production of semisynthetic penicillins (Bayer, AG, German patent 1111 778, July 1967), conversion of glucose to fructose, and inversion of sucrose, have been or are in an advanced stage of development (3) . All of these enzymatic processes produce a desired product; however, several immobilized enzymes have been investigated for their degradative capacities for use in environmental pollution control systems. Examples of this latter group are lactases for treatment of whey in the milk industry and urease for treatment of urinous wastewaters (3) . Currently under examination is the immobilization of whole cells containing phenol oxidase activity for treatment of phenolic wastewaters, whereas nonimmobilized enzymes are being explored for use in waste treatment in the leather (proteases), wood (cellulases, peroxidases), and paper (amylases) industries.
In the pesticide industry there is a strong need for the development of methods for the detoxification of pesticides and waste products formed during pesticide production or use. Among the major waste disposal problems of this industry are the treatment of wastewaters derived from pesticide production and formulation and the detoxification of pesticide containers and spray tanks. Immobilized pesticidehydrolyzing enzymes conceivably could be used in these areas for pesticide detoxification, creating a continuous or discontinuous, economical, and safe method, usable in either large-or small-scale systems.
In a previous investigation (15), a mixed bacterial culture was enriched for growth on the organophosphate insecticide parathion (0,0-diethyl-0-nitrophenyl phosphorothioate). A crude extract from this culture contained strong hydrolase activity not only for parathion, but also for eight other insecticides (14) , which, together with parathion, represent approximately 50% of the total organophosphate pesticides applied. Since enzymes generally are expensive, it would seem that for economical use, this enzyme would have to be immobilized and reusable. From the various immobilization methods and carrier systems available, a system in which the enzyme could be covalently bound to glass seemed to offer the best possibilities for eventual industrial use. Glass was chosen as the carrier since it is not expensive, it is biologically and physically stable, it allows for high flow rates, and it has a high protein-binding capacity. This paper will present data on the immobilization of a pesticide-hydrolyzing enzyme(s) onto glass and report some characteristics of this immobilized enzyme(s).
MATERIALS AND METHODS
Enzyme. A crude cell extract, which contained hydrolase activity for parathion, was obtained from a mixed bacterial culture that was adapted to growth on parathion as the sole carbon and energy source (14, 15 Assay methods. Free enzymatic activity was assayed by the addition of 0.1 ml of enzyme solution to 5.0 ml of parathion solution. The hydrolysis reaction was followed by measuring the rate of production of a hydrolysis product, p-nitrophenol, at 410 nm, using a Beckman model 24 spectrophotometer (14) . In experiments with both free enzyme and glass CVB hydrolase, parathion solutions were 21 AM (6 mg/ liter), pH 8.5, 20°C. This solution was made by dissolving parathion in a phosphate-mineral salts buffer (15) by magnetic stirring. The solution was filtered to remove undissolved parathion, enzymatically assayed to determine parathion concentration, and then diluted to 21 uM. Hydrolase activity was studied in flow-through columns of two sizes: one column, 15 by 300 mm, contained 2 to 5 g of glass CVB hydrolase, and the second, 6 by 300 mm, contained 1 g of glass CVB hydrolase. Parathion solution was pumped through these columns, and the optical density of the effluent at 410 nm was continuously measured with a Zeiss PM2-D spectrophotometer and recorded with a Philips PM 8010 recorder.
(i) pH. The pH of the parathion solution was varied from 7 to 10 by addition of 1 N NaOH. Parathion solution was pumped through the glass CVB hydrolase column, and the optical density at 410 nm was allowed to stabilize before shifting to another pH value. The extinction coefficient of p-nitrophenol at various pH values was normalized before the effect of pH on enzymatic activity was recorded.
(ii) Temperature. Both the parathion solution and the jacketed columns were heated to the desired APPL. ENVIRON. MICROBIOL. temperature before parathion solution was pumped through the glass CVB enzyme column. The flow rate was held constant, whereas the temperature was increased step-wise. In free enzyme assays, the parathion solution was heated to the desired temperature, the enzyme was added, and the rate of hydrolysis was measured for 30 s before a significant temperature drop occurred in the unheated spectrophotometer cuvette.
Kinetics. In kinetic experiments, the activity of a glass CVB hydrolase preparation was first determined using a 3.5 ,uM parathion solution pumped at a constant rate. Then, the amount of free enzyme producing an equivalent hydrolysis rate was determined. This amount of free enzyme was then added to parathion solutions of various concentrations, and the kinetics were assayed. The kinetics of immobilized activity were determined by pumping parathion solutions of various concentrations through the glass CVB enzyme column at a constant flow rate.
(iv) Stability. The stability of glass CVB hydrolase activity was examined by placing 2 g of this material in a 15-by 300-mm column and establishing a flow of 300 ml of parathion solution (0.25% sodium azide) per h. Over a 35-day period, 160 liters of parathion solution was pumped through the glass CVB hydrolase. To determine the influence of intermittent use on the stability of glass CVB hydrolase activity, columns were assayed at 20°C and then stored in a buffer solution at 6°C between analyses.
RESULTS
Immobilization data. Three different glass diameter sizes were used in enzyme immobilization studies. As the glass particle size decreased, the bound parathion hydrolase activity per gram of glass increased from 7 to 152 nmol of parathion hydrolyzed/min per g of glass (Table 1). The 70-to 125-,um-diameter glass, which in one experiment had the highest bound enzymic activity, proved too small for high flow rates in column systems. The amount of protein bound to glass was directly proportional to the initial protein concentration in the reaction mixture and varied from 32 to 190 ,ug/g of glass. Column operation. When glass CVB hydrolase was placed in columns and the flow rate of the parathion solution was varied, the percentage of parathion hydrolyzed decreased with increasing flow rates, whereas the total amount of parathion hydrolyzed per minute increased (Fig. 1) . For a given column, flow rates could be adjusted to produce either an almost complete hydrolysis (>95%) of parathion or a maximal rate of hydrolysis with a significantly lower percentage of parathion being hydrolyzed. Using 125-to 250-,um-diameter glass, flow rates of 35 to 40 ml/min per cm2 could be investigated without creating significant column pressure.
Kinetics. The Km0 and V000r for free parathion hydrolysis activity were determined to be 18 ,uM and 3 ,umol of parathion hydrolyzed/liter per min, respectively (Fig. 2) . The Temperature and pH effect. Glass CVB hydrolase and free parathion hydrolase activities at temperatures below 45°C were approximately equal. However, glass CVB hydrolase activity was apparently slightly more stable than free enzymatic activity at higher temperatures (Fig. 3) . The (Fig. 4) collected during weeks 4 to 7 showe of only 9 days (Fig. 5 ). An overall this glass CVB hydrolase, under di. operation, was 38 days.
DISCUSSION
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